Membrane properties of guinea pig cingulate cortical neurons in vitro.
1. The passive and active membrane properties of guinea pig cingulate cortical neurons were studied in vitro using the slice preparation. Results were reported for intracellular recordings made from neurons that were penetrated in layers V/VI of the anterior cingulate cortex areas 1 and 3. 2. The neurons had an average resting potential of -71 mV, an input resistance of 71 M omega, a spike amplitude of 93 mV, and a spike duration of 1.6 ms. The firing occurred regularly at an average rate of 13 spikes/s at the membrane potential of -55 mV, suggesting that they are probably regular spiking pyramidal cells. 3. The voltage decay following a hyperpolarizing current pulse could always be fitted by two exponentials in most cells. The slope of the charging function was analyzed to estimate the two cable theory parameters of the neurons, based on a simple Rall model: the electrotonic length (LN) of the equivalent dendritic cylinder and the conductance ratio (rho) of the dendrites to that of the soma. There were no significant differences in the LN (0.9-1.1) and the rho (2.8-3.0) of neurons in normal media and solutions containing tetrodotoxin (TTX), Cs+ and low Ca2+, indicating that the neurons may be electrically compact. 4. In most cells the steady-state current-voltage (I-V) relationship revealed three distinct types of rectification: an anomalous inward rectification in the hyperpolarizing direction, a subthreshold inward rectification, and a delayed outward rectification in the depolarizing direction. 5. The anomalous rectification was increased in high K+ solutions and was decreased in low K+ solutions. Analysis of the Ba2+ and Cs+ sensitivity confirmed that the anterior cingulate neurons had two distinct types of anomalous rectification, one that was time dependent and Ba2+ insensitive and the other that was fast and Ba2+ sensitive. Ionic analyses indicated that the time-dependent anomalous rectification was due to an increased permeability to both Na+ and K+, whereas the fast, Ba(2+)-sensitive rectification was probably only K+ dependent. 6. The subthreshold inward rectification was depressed by TTX, lidocaine, or Co2+, as well as the reduction of extracellular Na+, whereas it was augmented by extracellular Ba2+. This persistent Na(+)-Ca2+ conductance triggered the generation of Na(+)-dependent action potentials. 7. The delayed outward rectification was recorded in the potential range between -65 and -20 mV.(ABSTRACT TRUNCATED AT 400 WORDS)